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This work describes the performance and microbial diversity in a sequencing batch reactor of a decentral-
ized full-scale system for urban wastewater treatment under limited aeration. The removal efﬁciency
was: 83% for soluble chemical oxygen demand (SCOD), 60% for N–NH4
+, 70% for total suspended solids
(TSS) and 80% for volatile suspended solids (VSS). The biomass concentration had a maximum value
around 8.7 gVSS L1 for organic load rate of 0.6 gCOD L1 d1. The food/microorganism ratios showed
average of 0.2 gCOD/gVSSd. The sludge bacterial ﬂocs were formed an irregular arrangement with organ-
isms attached such as Euglypha sp. and pedunculate ciliates. It was observed the presence of Bacteria
domains including Nitrosomonas spp., Nitrobacter spp., Nitrospira and C. ‘‘Accumulibacter’’ cluster. The
DPAO activity was 70%. Denaturing gradient gel electrophoresis showed changes in ribotype number over
biological treatment time among the groups observed being some are linked to nutrient removal. The
reactor showed viability to treat domestic wastewater.
 2013 Elsevier Ltd. All rights reserved.1. Introduction These areas are facing increasingly rigorous standards for efﬂuentDomestic wastewater contains considerable amounts of com-
pounds including nutrients and organic matter and can intensify
water eutrophication if not adequately treated before ﬁnal dis-
posal. Today, the sequencing batch reactor (SBR) is perhaps the
most promising and viable of proposed activated sludge modiﬁca-
tions made for the removal of organic carbon and nutrients. In a
relatively short period, it has become an increasingly popular treat-
ment for domestic and industrial wastewaters and known as an
effective biological treatment system due to its simplicity and ﬂex-
ibility of operation (Artan and Orhon, 2005). Their operation is well
documented (Wilderer et al., 2001; Zeng et al., 2011). However,
most of these studies were carried out in a laboratory and on a
pilot scale with only a few full-scale studies were performed
(Cabezas et al., 2009; Zhang et al., 2011).
The SBR has been applied in decentralized systems, particularly
those located in rapidly growing regions such as the south of Brazil.discharge due to limited regional environmental capacities of
receiving water (Costa et al., 2008). On the other hand, SBRs are of-
ten applied to biological nutrient removal processes, frequently
with a sequence of anaerobic/anoxic/aerobic conditions for carbon,
nitrogen and phosphorus removal (Littleton et al., 2003).
One method of nitrogen removal during wastewater treatment
is through the two-step oxidation of ammonia to nitrate via micro-
bial-mediated nitriﬁcation. Ammonia oxidation to nitrate occurs in
the ﬁrst stage by the action of two chemolithotrophic bacteria
groups: ammonia-oxidizing bacteria (AOB) and nitrite-oxidizing
bacteria (NOB) (Dionisi et al., 2002). The process is often combined
with denitriﬁcation (reduction of nitrate/nitrite to nitrogen-N2),
which is carried out by anoxic heterotrophic bacteria such as Bacil-
lus, Alcaligenes, Pseudomonas, Methylobacterium (Dytczak et al.,
2008).
The heterotrophic nitriﬁcation and aerobic denitriﬁcation pro-
cesses can occur simultaneously (simultaneous nitriﬁcation and
denitriﬁcation, SND) in a single reactor under reduced aeration.
This is due to the occurrence of anoxic/aerobic micro zones inside
the ﬂoc, or the presence of anoxic/aerobic macro zones within the
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of microorganisms (Ju et al., 2007). Furthermore, some nitrifying
bacterial groups such as Nitrosomonas europea and N. eutropha as
well as Pseudomonas aeruginosa, also perform aerobic denitriﬁca-
tion under conditions of low dissolved oxygen concentrations
(Chen et al., 2003).
Biological phosphorus removal depends on the uptake of exces-
sive phosphorus by phosphorus-accumulating organisms (PAOs)
and this is usually achieved by alternating anaerobic, aerobic and
sometimes anoxic conditions (those without oxygen but contain-
ing nitrate as an electron acceptor) with biodegradable organic car-
bon available under anaerobic conditions (Wu et al., 2009).
Although some uncertainty remains regarding PAO metabolism,
it is widely accepted that PAOs gain a competitive advantage over
other organisms through their ability to anaerobically take up vol-
atile fatty acids (particularly acetic acid) and store them as PHAs
(particularly poly-b-hydroxybutyrate or PHB) for later processing
in anoxic or aerobic conditions (Schuler and Xiao, 2008).
The wastewater puriﬁcation in SBRs can contain a quite diverse
microbial community. The question of how the diversity and the
dynamics of the communities contribute to SBR stability is an
uncertain and evolving issue. The knowledge of the microbial ecol-
ogy involved in wastewater puriﬁcation becomes relevant for the
control and efﬁciency of treatment since it allows for the evalua-
tion of the microorganisms interaction with the environment and
other organisms.
A combination of polymerase chain reaction (PCR) ampliﬁcation
and denaturing gradient gel electrophoresis (DGGE) based 16S
rDNA analysis associated with ﬂuorescence in situ hybridization
(FISH) results are widely used to describe bacterial community
composition and, sometimes, to describe the physiological state
of cells. These methods are frequently used for molecular ﬁnger-
printing and allow the characterization of the assemblage diversity
by subsequent DNA sequencing (Pholchan et al., 2010).
A few studies were conducted on full-scale SBR in many cases
when operational difﬁculties appeared due to complexity of con-
trol. This paper presents real operational conditions of a full-scale
SBR, which show the performance in a decentralized system fed by
domestic wastewater. We placed special focus on microbial diver-
sity and efﬂuent quality to improve the design and operational
conditions by using the following techniques: optical and scanning
electron microscope (SEM), respirometry, FISH, PCR-DGGE and
physical chemical parameters.2. Methods
2.1. Sequencing batch reactor and operational conditions
A full-scale sequencing batch reactor (SBR), fed with domestic
wastewater, was used for this work. This reactor is installed in a
residential condominium, located in the city of Florianópolis,
in the state of Santa Catarina, south of Brazil (273305800
S–483005800 W). The total volume was 247 m3 with an average
working volume of 155 m3. The reactor was operated for 180 daysTable 1
Inﬂuent applied loads.
Contents Mean ± SD (g L1 d1)
COD 0.26 ± 0.10
SCOD 0.08 ± 0.002
NH4+–N 0.02 ± 0.004
TKN 0.03 ± 0.01
PO43–P 0.005 ± 0.002under anoxic-aerobic conditions and each cycle had an average
duration of 8 h, included feeding for 1 h, aeration for 3 h, settling
for 3 h and efﬂuent withdrawal for 1 h. Throughout the operational
period, the mean dissolved oxygen (DO) concentration was
0.3 mg L1. The sludge retention time (SRT) in SBR was about
107 days. The applied loads into the SBR are shown in Table 1.
The ratio between C:N:P was 17:6:1.
2.2. Physicochemical analysis
Ammonium (NH4+–N), nitrite (NO2–N), nitrate (NO3–N), total
kjeldahl nitrogen (TKN), total nitrogen (TN), soluble chemical oxy-
gen demand (SCOD), phosphate (PO43–P), alkalinity (mg CaCO3 -
L1), total suspended solids (TSS) and volatile suspended solids
(VSS) were measured according to APHA (2005). The temperature,
pH and DO were measured in situ using a multiparameter probe
(YSI 6600 V2).
2.3. Microscope identiﬁcation
Bacteria were identiﬁed to the genera level using an optical
microscope (Olympus – BX41), an inverted microscope (Bioval –
XDS-1). Scanning electron microscope (SEM) was made according
Kunkel (2008). The slides were examined with a Philips XL30
microscope and a golden cover was made by Sputter Coater Bal-
Tec SCD 005.
2.4. Phosphorus uptake batch tests
Activated sludge samples obtained from the SBR were analyzed
in batch tests in order to determine the phosphorus uptake and re-
lease rates of the PAOs and DPAOs present as per Monclús et al.,
2010. Mixed liquor (2 L) containing active biomass from the SBR
was incubated anaerobically in the presence of sodium acetate
(0.2 g L1 of CH3COONa) for 3.5 h. Subsequently the incubations
of anaerobic sludge were divided into two parts. One part of the
sludge was exposed to aerobic conditions, and the other was ex-
posed to anoxic conditions by the addition of nitrate to a ﬁnal con-
centration of 20 mg N–NO3 L1. The phosphate uptake rates (PUR)
were estimated from the linear regression of phosphorus concen-
trations. The ratio of anoxic PUR to aerobic PUR (anoxic/aerobic
PUR ratio) was used as an index reﬂecting the fraction of DPAOs.
2.5. Bacteria identiﬁcation by molecular methods
2.5.1. DNA extraction and PCR ampliﬁcation
Samples were collected monthly from SBR during aeration
phases and subsequently, DNA extractions, sequencing and phylo-
genetic analysis were performed. DNA extractions were completed
using QIAamp DNA stool mini kit (QIAGEN), following the manu-
facturer’s recommendations. The extracted DNA was evaluated
on 1% (wt/vol) agarose gel and stored at 20 C until further use.
Around 10 ng of genomic DNA was used as a template for PCR
ampliﬁcation and the universal primers used for the bacterial do-
main of the 16S rRNA gene are as follows: 358F (containing 51-
bp GC clamp) – 50 CGC CCG CCG CGC GCG GCG GGC GGG GCG
GGG GCA CGG GGG GCC TAC GGG AGG CAG CAG 30 e 517R – 50
ATTACCGCGGCTGCTGG 30. The DNA was ampliﬁed by PCR as de-
scribed by Viancelli et al. (2011). PCR products of 16S rRNA were
quantiﬁed in a 0.8% (wt/vol) agarose gel.
2.5.2. Denaturing gradient gel electrophoresis (DGGE)
DGGE was performed using the Bio-RadDCode system (Bio-Rad,
Richmond, USA). For 16S rRNA, electrophoresis was run in 1-mm-
thick gels containing 8% polyacrylamide and the denaturing gradi-
ents of the gels varied from 25% to 75%. Gels were submerged in
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and electrophoresis of 16S rRNA PCR products lasted for 5 h at a
constant voltage of 130 V and a temperature of 60 C. After electro-
phoresis, the gels were stained in the dark for 20 min in a 5-mL
1 TAE solution containing ethidium bromide nucleic acid stain.
Gels were visualized in a transilluminator and the gel images were
captured with the Kodak molecular imaging software v.5.0.0.90.
Individual 16S rRNA bands from DGGE gels were excised using
sterile tips, eluted in sterile deionized water, and stored overnight
at 4 C. The same PCR programs as previously described were used
for DNA re-ampliﬁcation with non-GC-clamped primers, in which
10 lL of the DNA from the DGGE band was used as template. ACT-
Gene molecular analysis (Brazil) carried out DNA sequencing anal-
ysis. Sequence determination was performed in an automatic
sequencer ABI-PRISM 3100 genetic analyzer. The quality of DNA
sequences was checked and the overlapping fragments were
assembled using BioEdit 7.0.5. The phylogenetic relationships
between these sequences were determined with MEGA 5.0 and
neighbor-joining trees were constructed from Kimura-2 parame-
ters and bootstrap values using 250 replications. Cluster analysis,
displayed as a dendrogram, was done using Gel Compar II version
6.5 with binary data (presence/absence of bands) and bootstrap
calculations over 1000 iterations.2.5.3. Fluorescence in situ hybridization (FISH) analysis
FISH analyses were performed essentially as described by
Amann et al. (1990). Samples were ﬁxed in 4% paraformalde-
hyde-phosphate-buffered saline and placed on 0.1% gelatin and
0.01% KCr (SO4)2 gelatin-coated glass slides. For bacteria identiﬁca-
tion, probes were used according to Table in Supplementary mate-
rial and details on oligonucleotide probes are available at
probeBase. All microbial cells were detected by staining with 1%
4,6-diamidino-2-phenylindol (DAPI). The slides were examinedFig. 1. (A) Organic loading rate (OLR) and SCOD efﬁciency rem
Fig. 2. (A) Total kjeldahl nitrogen (TKN) and TKN removal; (B) vwith an Olympus BX41 microscope. All samples were analyzed
against DAPI (considered 100%).3. Results and discussion
3.1. Organic matter and nutrients removal
The reactor showed satisfactory removal efﬁciency for the ana-
lyzed parameters, producing an efﬂuent that ﬁts the quality stan-
dards established at Brazilian legislation.
Throughout all monitoring period, the reactor has operated at
low dissolved oxygen concentrations with an average of
0.3 mg L1, that has not affected, however, their performance.
Organic matter has a fundamental inﬂuence on biological com-
munity composition and at the trophic base that sustains the eco-
system in the reactor. The average removal of SCOD was 83% as
shown in Fig. 1A. The removal efﬁciency was below the average
on days 22, 63 and 113, with values of 72%, 65% and 66%, respec-
tively. Although the efﬁciency for these days are low compared
to other days, the removal showed satisfactory performance when
observed with the applied Organic Loading Rate (OLR). Low SCOD
concentration was founded in day 32 and 99, with inﬂuent values
of 125 and 102 and efﬂuent values of 6 and 22 mg L1 (Fig. 1B).
Some studies using SBR (Artan and Orhon, 2005; Denecke et al.,
2012) presented COD removal efﬁciency above 90%, showing that
SBR has an increased ability to remove organic carbon and a better
resistance against variable loadings, which suggests this reactor is
able to guarantee process stability. The removal efﬁciency of TSS
and VSS were 70% and 80%, respectively.
Total kjeldahl nitrogen (TKN) removal efﬁciency was around
60% but levels changed due to inﬂuent ﬂuctuations. Basically, al-
most all TKN was found as NH4+ (Fig. 2A and B). During day 43, a
higher TKN inﬂuent concentration (102 mg L1) was noted andoval; (B) SCOD concentration during experimental period.
ariation of different nitrogen species in the SBR operation.
Fig. 3. (A) P–PO43 concentration in the inﬂuent and efﬂuent; (B) Phosphorous uptake during anaerobic/aerobic batch assay with the activated sludge from the SBR (VSS = 2.5
and 2.8 g L1, respectively).
Fig. 4. (A) Solids concentration in the reactor and efﬂuent; (B) ratio F/M (gCOD/gVSS d).
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removal was 61% and concentrations were 45.9 and 17.6 mg L1
for the inﬂuent and efﬂuent, respectively (Fig. 2B).
The average total nitrogen (TKN + NOx–N) removal was 50%
which was affected by low oxygen concentrations. According to
Sliekers et al. (2005), low DO concentrations inhibit autotrophic
nitrifying bacteria development, which leaves the role of oxidizing
ammonium to the nitrifying heterotrophs.
The alkalinity was not a limiting factor for nitriﬁcation since the
consumption of alkalinity in the reactor did not exceed 7.14 mg
CaCO3/mg N–NH4+oxidized, according to Van Haandel and Marais
(1999). The pH was maintained within a range of neutrality (mean
of 6.7), without ammonium volatilization according to the same
authors.
In the present study, the C/N ratio was 3 g-COD/g-N. Bassin
et al. (2012) used C/N ratios ranging from 1.14 to 2.29 in a sequenc-
ing batch reactor (laboratory scale) and obtained efﬁciency above
95% for ammonium removal. The C/N ratio of domestic wastewa-
ters is, however, often lower than these prescribed values, and
nitrogen removal is limited by the lack of available organic carbon
source (Ryu and Lee, 2009). For Sun et al. (2010), the shortcut nitri-
ﬁcation followed by denitriﬁcation of NO2 reduced approximately
40% of carbon requirements, 25% of the oxygen supply, and re-
sulted in 40% less biomass production compared to oxidation and
denitriﬁcation of NO3. The reductions in the COD requirement
by this pathway make nitrogen removal from low C/N ratio domes-
tic wastewater feasible.
Phosphate concentration did not have a clear trend probably
due to the changes in the inlet phosphate concentrations
(Fig. 3A). Low concentrations were found when the withdrawal
period was made. On day 85, the concentrations of inﬂuent and
efﬂuent were the same, indicating that removal had not occurred
for this period. This probably happened because DO concentrations
were low, therefore, inhibiting PAO activity. However, for mostmonitoring days, it was observed that the efﬂuent concentration
was always less than the inﬂuent showing an average removal efﬁ-
ciency of 50%.
3.2. Biomass properties
The values of TSS for mixed liquor varied between 1.2 g L1 (day
36) and 10 g L1 (day 57) (Fig. 4A). The VSS/TSS ratio during the
whole operating period was about 70%. The maximum value
(8.7 gVSS L1) was obtained when the OLR was 0.6 g COD L1 d1
and an average sludge retention time occurred for 77 days until
the end of operation. On day 22, due to a withdrawal of excess
sludge, the concentration of TSS and VSS efﬂuent was higher. This
resulted in a low concentration of solids and other compounds
analyzed in the reactor. The food/microorganisms (F/M) ratio in-
creased with decreasing VSS concentration, ranging between 0.07
and 0.48 g COD/g VSS d (Fig. 4B) and average of 0.2 g COD/g VSS d,
which is below the standard range of 0.25–0.50 g COD/g VSS d (van
Haandel and Marais, 1999).
3.3. Microbial communities analysis
Optical microscopy analysis showed a highly concentrated
sludge formed by compact ﬂocs that were composed of suspended
matter and particulates rich in organic matter and had little pres-
ence of ﬁlamentous bacteria, which does not interfere with
sedimentation.
The zooplankton was composed of ciliated protozoa in greater
frequency (attached and crawling ciliates) and naked amoebae
and/or testate and rotifers were observed for a longer period of
time. Among the recurring groups in this system, it is cited: Eugly-
pha sp., Arcella sp., Vorticella sp., Epistylis sp., Rotatoria sp., Tocop-
hyra sp. and numerous crawling ciliates. Zooﬂagellates were
present in a few samples and its occurrence indicates unstable
Table 2
Comparison of P release and uptake rates of PAOs and DPAOs during the batch test.
Time (h) Aerobic PUR
(mg P–PO43 g1 VSS h1)
Anoxic PUR
(mg P-PO43 g1 VSS h1)
PUR
ratio
4:30 15.6 12 0.8
5:00 13.2 9.4 0.7
Mean 14.4 10.7 0.7
Global
(3:30–5:30)
14.9 9.2 0.6
Fig. 5. DGGE gel banding proﬁle of microbial community of the sequencing batch
reactor over the days. The cluster analysis showing the similarities between
different DGGE ﬁngerprints is displayed graphically as a dendrogram.
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charge form, or early station operation (Warren et al., 2010).
The metazoans (ciliates and amoebae) are a heterogeneous
group of organisms, which are attached to ﬂocs or are free-living
and dispersed among the particles of activated sludge. These
organisms play an important role in this system since they feed
mainly on bacteria, as well as organic substances and other small
organisms. Through their feeding behavior, they maintain bacterial
population densities and rejuvenate the bacteria population by
predation. They also contribute to the ﬂocculation process by being
responsible for an improvement in the quality of the efﬂuent (Zhou
et al., 2008). The naked amoebae have higher growth rates when
compared to ciliates and rotifers. The ciliates are faster and can
get food with greater ease while the rotifers are the slowest.
The scanning electron microscope (SEM) images were made to
enhance the understanding of sludge microbial composition. SEM
imaging indicated bacterial ﬂocs were well formed with most cells
in the form of cocci that form an irregular arrangement. The anal-
ysis also identiﬁes zooplanctonic organisms attached to sludge
such as pedunculate ciliates and Euglypha tuberculata. According
to Canler et al. (1999), the presence of Euglypha tuberculata indi-
cates an operating system with or without nitriﬁcation, where
there is low load or extended or sufﬁcient aeration. The densities
of these organisms decrease when the water quality deteriorates.
The importance of ciliates in the purifying process in wastewater
treatment is because they feed off dispersed bacteria and eliminate
them. Thus, the presence of ciliates can also be taken as indicators
of good efﬂuent quality (Samaras et al., 2009).
3.4. FISH analysis and PAO/DPAO activity
The FISH technique was applied to identify some bacterial gen-
era involved in nitrogen and phosphorus metabolism occurring in
the reactor. A large amount (85% of DAPI-stained cells) of the bac-
teria domain were observed, which indicates high metabolic activ-
ity of bacteria present in biological treatment systems. Mostly
colonial shaped cocci and a few ﬁlamentous bacteria formed the
bacterial community. The signals obtained from all oligonucleotide
probes were strong and indicated high cellular rRNA contents.
Nitrifying bacteria were found in different percentages including
25% for beta subclass of Proteobacteria (15% of the DAPI-stained
cells for Nitrosomonas spp.), 10% for alfa subclass Proteobacteria
(5% of DAPI-stained cells for Nitrobacter spp.) and 20% for Nitrospira
spp. According to Denecke et al. (2012), although the concentration
of nitrite in the reactor was particularly low and nitrite oxidizers of
the genus Nitrospira, were uncultured, the concentration of nitrite
may be sufﬁcient for the growth of Nitrospira. Members of the gen-
era Nitrosomonas and Nitrospira are the dominant nitriﬁers in acti-
vated sludge plants, and only a small ratio of Nitrobacter spp. exists
in wastewater treatment plants.
The presence of sulfate-reducing bacteria (SRB) groups can be
explained by previous research, which showed that dissimilatory
sulfate reduction can occur in the presence of O2. This challenges
the conventional view that sulfate reduction is a strictly anaerobic
process (Canﬁeld and DesMarais, 1991). Desulfovibrionaceae was
found in rare quantities (less than 5% of DAPI-stained cells).
Members of polyphosphate-accumulating organisms (Candida-
tus ‘‘Accumulibacter’’ cluster) were found (25% of DAPI-stained
cells). The development of poly-P accumulating organisms (PAOs)
was favored in SBRs due to their competitive advantages over
non-poly-P accumulating microorganisms to survive during star-
vation periods. This is characteristic of SBR, which presents low
F/M ratios, such as the studied reactor.
Fig. 3B summarizes the evolution of PAO/DPAO activity. The test
showed that under anaerobic conditions phosphorous release oc-
curs to the media (PAO and DPAO) and in aerobic phase (PAO)the uptake was bigger than the anoxic phase (DPAO). The percent
of DPAO activity (DPAO/PAO ratio) was 70% (Table 2). Monclús
et al. (2010) found the ratio DPAO/PAO Puptake rate, after 150 days
(13.6 mg P g1 VSS h1), was relatively constant throughout the
experimental operation at 41%.
Therefore DPAOs values found in this study were higher than
expected, which may justify the low levels of nitrates found in
the efﬂuent, because nitrate produced during the nitriﬁcation pro-
cess has been simultaneously consumed by this group of
organisms.
This fact coupled with low denitrifying organisms occurrence,
as discussed in the FISH analysis, suggests that much of the nitrate
removal was due to the action of DPAOs. This information may
help in operating procedures since it is enough to feed the reactor
once per cycle, to supply substrate for denitrifying biomass.
3.5. DGGE based sequencing and phylogenetic analysis
The microbial community composition of the SBR was investi-
gated through PCR–DGGE analysis. Fig. 5 shows the typical DGGE
Table 3
NCBI BLAST search results of sequences from DGGE bands.
Band
No.
Most related sequence %
similarity
Source Accession
number
1 Uncultured bacterium gene for 16S rRNA, clone TB127-25 98 Microbial community in activated sludge from a circulation
ﬂush toilet as a closed system, environmental samples
AB196115
2 Uncultured Chlorobi bacterium clone OMBR76 16S
ribosomal RNA gene
96 Bacterial communities in A/O MBR with nitrogen removal,
environmental samples
DQ119094.1
3 Uncultured soil bacterium clone S084 16S ribosomal RNA
gene, partial sequence
90 Prokaryotic communities from an agricultural soil,
environmental samples
AY037607
4 Uncultured beta proteobacterium SBR1011 94 Bacterial communities in SBR-polyphosphate-accumulating
organisms, environmental samples
EF051047
6 Uncultured bacterium partial 16S rRNA gene, clone DGGE3 93 Environmental samples AJ548781
9 Uncultured bacterium clone N1_2_4797 16S ribosomal RNA
gene
97 Bacterial community in time scale in full-scale anaerobic
digesters, environmental samples
JQ131477
11 Uncultured bacterium clone J3_2_777 16S ribosomal RNA
gene
91 Environmental samples JQ110669
13 Uncultured bacterium clone F1Q32TO05GHG5F 16S
ribosomal RNA gene
95 Bacterial community of a full-scale integrated ﬁxed-ﬁlm
activated sludge system, environmental samples
GU489669
15 Uncultured bacterium clone F1Q32TO04EN7LK 16S
ribosomal RNA gene
92 Microbial communities in a membrane ﬁltration system for
a drinking water treatment plant
GU761347
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analysis showed that there were changes in band proﬁle over bio-
logical treatment time as well as variations in band intensity (e.g.
samples 15–150, band 1).
Only the ﬁrst bands (1, 2 and 4) were present in all lanes, show-
ing variation in their intensity. Band 1 showed increased intensity
for lanes 15–90 while it decreased in lanes 115–150. The other
bands that follow (3 and 5–16) appear at different times and are
not necessarily present throughout the monitored period, which
indicates changes in the microbial composition of the reactor.
Therefore, we suggest that the inﬂuent signiﬁcantly affects the
microbial composition in the activated sludge since each sample
was taken from the same place in the reactor.
A total of 13 different bands in the DGGE proﬁle showed in
Fig. 5 were excised from the gel and sequenced. Among those ex-
cised bands, four bands gave ambiguous DNA sequencing results
and were removed from further phylogenetic analysis. BLAST se-
quence results are shown in Table 3. The microorganisms were
taxonomically classiﬁed to the bacteria domain level and were gi-
ven the closest match for uncultured organisms for all bands. All
sequenced bands were similar to microorganisms previously found
in activated sludge or in environmental samples. Among the clas-
siﬁed groups, bacterial groups that were nutrient removal like
phosphate and nitrogen found in bands 2 and 4 and are similar
to bacteria reported in anaerobic media (band 9). This may be
due to low DO in this reactor (average 0.3 mg L1).
A dendrogram representing the percentage of similarity among
different DGGE proﬁles is also presented (Fig. 5). We observed that
in the period of 45–60 days, the community assemblage present in
SBR exhibited maximum similarity, as indicated by the cluster
analysis. There was 93.3% similarity during this period follow by
80% similarity during the period between 90 and 115 days. The
minimum similarity values occurred in the ﬁnal period of monitor-
ing with 57.1% similarity between days 130 and 150. This signiﬁ-
cant microbial variation in the reactor during the monitoring
period could be attributed to changes of the inﬂuent concentra-
tions as well as operational problems such as energy fall or ex-
change of aerators. Signiﬁcant variation and diversity in the
microbial community was observed between days 90 and 130
while on day 150, low diversity and percent similarity (57.1%)
was observed between these periods and the early stages.
4. Conclusions
The viability of a full-scale SBR to treat domestic wastewater,
with variation of the applied loads and low C/N ratio (3 g-COD/g-N)was studied. It was veriﬁed the signiﬁcant changes of microbial
composition in band proﬁle over time due to considerable varia-
tions in the inﬂuent quality. This reinforces the idea that SBR can
adapt to signiﬁcant changes in nutrient concentrations through
gradual acclimation of biomass, which ensures process stability
even in a system where F/M ratios are low. Furthermore, the low
aeration over time in the reactor could explain the greater activity
found by DPAO microorganism.
Acknowledgements
The Authors would like to thank the RENUTRES Brazilian Pro-
gram and Brazilian National Research and Development Council
CNPq for the ﬁnancial support in terms of costs and providing
scholarships. The authors also are grateful to the researchers of
Laboratory Efﬂuent Liquids and Gaseous (LABEFLU) at Federal Uni-
versity of Santa Catarina (UFSC – Brazil) for assistance and Rotária
do Brasil Company.
Appendix A. Supplementary data
Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.biortech.2013.01.
027.
References
Amann, R.I., Krumholz, L., Stahl, D.A., 1990. Fluorescent oligonucleotide probing of
whole cells for determinative, phylogenetic, and environmental studies in
microbiology. Journal of Bacteriology 172 (2), 762–770.
APHA, AWWA, WEF, 2005. Standard Methods for the Examination of Water and
Wastewater, 21st ed. APHA, AWWA, WEF, Washington, DC.
Artan, N., Orhon, D., 2005. Mechanism and design of sequencing batch reactors for
nutrient removal. Scientiﬁc and Technical Report Series, No. 19. IWA Publishing,
London.
Bassin, J.P., Abbas, B., Kleerebezem, R., Muyzer, G., Rosado, A.S., van Loosdrecht,
M.C.M., Dezotti, M., 2012. Characterization of the microbial community of
moving-bed bioﬁlm reactors operated under different COD/N ratio. In:
proceeding IWA, World Water Congress & Exhibition, Busan, Korea, 2012.
Cabezas, A., Draper, P., Etchebehere, C., 2009. Fluctuation of microbial activities
after inﬂuent load variations in a full-scale SBR: recovery of the biomass after
starvation. Applied Microbiology Biotechnology 84, 1191–1202.
Canﬁeld, D.E., DesMarais, D.J., 1991. Aerobic sulfate reduction in microbial mats.
Science 251, 1471–1473.
Canler, J.P., Perret, J.M., Duchène, P., Cotteux, E., 1999. Aide au diagnostic des
stations d´épuration par l´observation microscopique des boues activées.
Copyright Cemagref Éditions.
Chen, F., Xia, Q., Ju, L.-K., 2003. Aerobic denitriﬁcation of Pseudomonas aeruginosa
monitored by online NAD(P)H ﬂuorescence. Applied and Environmental
Microbiology 69, 6715–6722.
Costa, R.H.R., Hoffmann, H., Thans, F.C., Rae, M., Campos, R.H., Platzer, C., 2008.
Nitriﬁcation control and simultaneous denitriﬁcation via dissolved oxygen
268 H. Fernandes et al. / Bioresource Technology 132 (2013) 262–268concentration in sequencing batch reactors (SBR) in a small community. In:
Eighth IWA Specialized Conference on Small Water and Wastewater Systems
(SWWS) and 2nd IWA Specialized Conference on Decentralised Water and
Wastewater International Network (DEWSIN), Coimbatore, India.
Denecke, M., Eilmus, S., Röder, N., Roesch, C., Bothe, H., 2012. Molecular
identiﬁcation of the microbial diversity in two sequencing batch reactors
with activated sludge. Applied Microbiology and Biotechnology 93, 1725–1734.
Dionisi, H.M., Layton, A.C., Robinson, K.G., Brown, J.R., Gregory, I.R., Parker, J.J.,
Sayler, G.S., 2002. Quantiﬁcation of nitrosomonas oligotropha-like ammonia-
oxidizing bacteria and Nitrospira spp. from full-scale wastewater treatment
plants by competitive PCR. Applied and Environmental Microbiology 68 (1),
245–253.
Dytczak, M.A., Londry, K.L., Oleszkiewicz, J.A., 2008. Nitrifying genera in activated
sludge may inﬂuence nitriﬁcation rates. Water Environmental Research 80 (5),
388–396.
Ju, L.-K., Huang, L., Triverdi, H., 2007. Simultaneous nitriﬁcation, denitriﬁcation, and
phosphorus removal in single-tank low-dissolved-oxygen systems under cyclic
aeration. Water Environment Research 79 (8), 912–920.
Kunkel, D., 2008. Observación de la estructura y composición superﬁcial de sólidos.
Dennis Kunkel Microscopy, Inc., P.O. Box, Kailua, Hawaii, 9 67-34.
Littleton, H.X., Daigger, G.T., Strom, P.F., Cowan, R.A., 2003. Simultaneous biological
nutrient removal: evaluation of autotrophic denitriﬁcation, heterotrophic
nitriﬁcation, and biological phosphorus removal in full-scale systems. Water
Environment Research 75, 138–150.
Monclús, H., Sipma, J., Ferrero, G., Rodrigues-Roda, I., Comas, J., 2010. Biological
nutriente removal in an MBR treating municipal wastewater with special focus
on biological phosphorous removal. Bioresource Technology 101, 3984–3991.
Pholchan, M.K., Baptista, J.C., Davenport, R.J., Curtis, T.P., 2010. Systematic study of
the effect of operating variables on reactor performance and microbial diversity
in laboratory-scale activated sludge. Water Research 44, 1341–1352.
Ryu, H.D., Lee, S.I., 2009. Comparison of 4-stage biological aerated ﬁlter (BAF) with
MLE process in nitrogen removal from low carbon-to-nitrogen wastewater.
Environmental Engineering Science 26 (1), 163–170.
Samaras, P., Papadimitrio, C.A., Vavoulidou, D., Yiangou, M., Sakellaropoulos, G.P.,
2009. Effect of hexavalent chromium on the activated sludge process and on the
sludge protozoan community. Bioresource Technology 100, 38–43.Schuler, A.J., Xiao, Y., 2008. Predicted distributed state effects on enhanced
biological phosphorous removal in a 5-stage berdenpho wastewater
treatment conﬁguration. Water Environmental Research 80, 454–463.
Sliekers, A.O., Haaijer, S.C.M., Stafsnes, M.H., Kuenen, J.G., Jetten, M.S.M., 2005.
Competition and coexistence of aerobic ammonium and nitrite-oxidizing
bacteria at low oxygen concentrations. Applied Microbiol Biotechnology 68,
808–817.
Sun, S.-H., Nàcher, C.P., Merkey, B., Zhou, Q., Xia, S.-Q., Yang, D.-H., Sun, J.-H., Smets,
B.F., 2010. Effective biological nitrogen removal treatment processes for
domestic wastewaters with low C/N ratios: A review. Environmental
Engineering Science 27 (2), 111–126.
van Haandel, A.C., Marais, G., 1999. O comportamento do sistema de lodo ativado:
teoria e aplicações para projetos e operações. Epgraf, Campina Grande, 472 p.
Viancelli, A., Kunz, A., Esteves, P.A., Bauerman, F., Fujii, T., Furukawa, K., Antonio,
R.V., Vanotti, M., 2011. Bacterial biodiversity from an anaerobic up ﬂow.
Brazilian Archives of Biology and Technology (Impresso) 54, 1035–1041.
Warren, A., Salvadó, H., Curds, C.R., Roberts, D.McL., 2010. Protozoa in activated
sludge processes. In: Seviour, R., Mielsen, P.H. (Eds.), Microbial Ecology of
Activated Sludge. IWA Publishing, UK, p. 667.
Wilderer, P.A., Irvine, R.L., Gronszy, M.C., 2001. Sequencing batch reactor
technology. IWA Scientiﬁc and Technical Report No.10. IWA Publishing, UK.
Wu, G., Sorensen, K.B., Rodgers, M., Zhan, X., 2009. Microbial community associated
with glucose-induced enhanced biological phosphorus removal. Water Science
and Technology, 2105–2113.
Zeng, W., Yang, Y., Li, L., Wang, X., Peng, Y., 2011. Effect of nitrite from nitritation on
biological phosphorus removal in a sequencing batch reactor treating domestic
wastewater. Bioresource Technology 102, 6657–6664.
Zhang, Z., Li, H., Zhu, J., Weiping, L., Xin, X., 2011. Improvement strategy on
enhanced biological phosphorus removal for municipal wastewater treatment
plants: full-scale operating parameters, sludge activities, and microbial
features. Bioresource Technology 102, 4646–4653.
Zhou, K., Xu, M., Liu, B., Cao, H., 2008. Characteristics of microfauna and their
relationships with the performance of an activated sludge plant in China.
Journal of Environmental Sciences 20, 482–486.
